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Method and Apparatus in a MEMO Based Communication System 



Technical Field 

The present invention relates to communication systems using multiple transmit an- 
tennas and receivers using multiple antennas. 



Background and Prior Art 

Solutions involving Multiple Input Multiple Output (MIMO) antenna configura- 
tions, in which both the transmitter and the receiver have multiple antennas, are be- 
ing considered for use in wireless communications networks to improve system per- 
formance in terms of peak data rate,.system coverage and capacity. 

In the general case, in such a system, both the transmitter and the receiver have 
multiple antennas. This results in a number of possible radio channels, between each 
transmitter and receiver antenna. A channel matrix H can be defined to characterize 
ail the channels. If N transmit antennas and M receive antennas are used the size of 
the channel matrix H will be M x N. H generally varies over time. 



In the case when the channel is known to the receiver but not to the transmitter, data 
is transmitted uniformly in all directions, and the channel capacity can be e3q)ressed 
as 



c = lg2(det 



j+P-H-H") (1) 
N 



where N is the number of antennas at the transnutter, and p is the total transmit 
power divided by the noise power at the receive side. 



It is well known that under fading conditions with statistically uncorrelated propa- 
gation channel, the channel capacity measured in bits per channel use scales (from 
an information theory point of view with fixed average transmit power) on average 

as 
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CMiMO=Csiso-miiiKN}, (2) 



where c^so is the channel capacity for (traditional) single transmit single receive 
antenna communication (Single Input Single Output), i.e. 



Ca5o=lg2(l + 'SA«s«so). (3) 



where SNRsjso is the SISO signal to noise ratio and c^o is the resulting MIMO 
channel capacity. When M=//the channel capacity is N times the SISO channel ca- 



pacity, i.e. 



Note that SISO communication has a logarithmic relation for channel capacity with 
respect to SNR (see eq.(2)). The benefit firom MIMO transmission with multiple 
data streams is that instead of using aU power in one stream, multiple parallel 
streams are used with sUghtly lower SNR instead. In this way a capacity multipHca- 
tion is obtained instead of a logarithmic increase in capacity. 

So far. the discussion has been concerned with the case that the transmitter does not 
know anything about the channel matrix H. For the case when the transmitter has 
knowledge about the channel, performance can be fixrther improved by transmitting 
data streams with different powers on the different modes of the channel. In addi- 
tion, the channel knowledge can also be used to reduce the terminal complexity 
when demodulating and decoding the received signals. 



An extensive overview of MIMO is fou 
Vishwanath, "Capacity Limits of MIMC 
eas of Comm. , VOL. 21, NO. 5, JUNE 



One recent, alternative, way of handling communication in MIMO systems is op- 
portunistic MIMO, which is also sometimes called multiuser diversity MEMO. The 
idea is that one may, for each of potentially many channels, send not all MIMO stre- 
ams (hereafter called MIMO subchannels) to a single user, but instead to distribute 
the MDMO subchannels over several users. This can be accomplished in an opportu- 
nistic manner by selecting users based on Carrier to Interference Ratio (CIR) infor- 
mation fed back from the receiving users. In MIMO, CIR information is fed back 
for each MIMO subchannel. The more receivers present, the more likely it will be 
that one finds "good" channels, and this is guaranteed in a statistical sense. The op- 
portunistic MIMO architecture is illustrated, for example, in W. Rhee, W. Yu and 
JJVl. Cioffi: 'Utilizing Multiuser Diversity for Multiple Antenna System," Procee- 
dings of IEEE Wireless Cornmunication and Networking Conference (WCNC), p 
420-425, September 2000, Chicago, USA, 

Opportunistic MIMO makes use of the fact that with a large number of users, it is 
likely that the MIMO channels may have realisations in which one or several MIMO 
streams may be received with high quality by one or more users despite the fact that 
no CSI is used to predict the signals at the transmitter. This is achieved even when 
usmg simple non-optimal demodulation methods such as zero-forcing, hi the end, it 
is the base station that determines which MIMO subchannel to use for which user. 
In addition to zero-forcing, other well-known demodulation methods such as 
MMSE, Successive Interference CanceUation (SIC), ParaUel Interference Cancella- 
tion (PIC), or other Multi user detection schemes (MUD) can be used. 



Opportunistic MIMO is feasible in situations where a large number of users are in- 
volved and data is pending transmission to them. Performance in situations where 
only a few users are involved is lower. 
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Object of the Invention ^+„,r>rVrp 

It I an object of present to optumze the overaU»e of network re 
sources in a multi-user, multi-anleima communication network. 



summa™ o. the InvenHon ^nnication method for 

This object is adiievedacoordmg to the mvennonoy 

, • =«/«ral user terminals cotnmuraoatmg 

use in a communication network mvolvmg several user t ^.^^^^ 

^ at least one transmitting node, said transmitting node compnsmg a pluralrty 

antennas, each of said user temunals comprising at least one antenna. 

Said method being characterized by 

selecting a first set of users comprising at least one user. 

Selecting a second set of users not comprised in the first set. 

Adapting communication parameters for the first set of users accordmg to first 

principle suitable for optimizing communication with the first set of us^ 

Adapting communication parameters for tlte second set of users accordmg to a «c 

t!l principle which is different fiom the f.st principle, h. response to commumca- 

tton parameters selected by the first ^ .o^^cation 
Transmitting to the first set of user terminals accoramg 

"ers L to the second set of user term^als accordhrg to the second corrmm- 
nication parameters. 

According to the mvention. first an algorithm is appUed to a first user, or group of 
trloptiu^es communication with that group of users. ^= ~ofus« 

:X a In ^oup of users relative to «he total number of users. Then. whe. 
norm^iiiy ^ inHiated with other users usmg a dif- 

ever possible or desirable. commumcaUon rs mrtrated - ^ ^ 

.erent opfimization algorithn. or principle. U «ns ^-^^TLf.^^ -y 
few users can be optimized while network resources can be used m an 

■ also for other users. 

^ a preferred embodiment the first principle involves optimization widr respect ^ 
In a preferred em .^pie with a Singular Value Decomposition 

Channel State Information (CSI), for example 
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(SVD) of the chanad matrix. Unitary beamfonning matrices obtained ftom the SVD 
are then used in both the transmitter and the receiver to create a set of multiple or- 
arogonal non-interfering MMO subchannels. By adapting the transmitt^: and pos- 
sibly the power aUocation to different streams based on the CSI of one user, but then 
having the possibiUty to transmit the streams to other users the performance >s un- 
proved as compared to transmitting the data to only the user for which the commu- 
mcation is optimized. The performance is always better than that offered by the 
SVD-MIMO method alone (i.e. when a single users link is optimized. For multrple 
user imks that are optimized with respect to CSI. the aggregate perfomiance is even 
better but traded against coinplexity increase). 

i 

An SVD of the channel matrix H is defined as foUows: 

U-S-V =SFD(H), ■ 

where U and V are unitary matrices, ' is the Hermitian operator .and S is a matrix 
wifli smgular values ordered on the main diagonal. Assume new thatMindependent 
data streams are sent concurrently by mulUplying each outgoing stream with a col- 
umn of 4e matrix V at the transmitter and that flie matix V* is used at the receiver. 
In this way, a number of paraUel, fion-interfering streams are created, and the re- 
sulting chamiel seen by each stream wiU then be the corresponding element of the 
diagonal matrix S. The optimum capacity can then be determined through applymg 
the water-pouring Uieorem. which means that the trananit powers of each stteam is 
selected as a fiinction of the diagonal element m S and the receiver noise levels. It 
is of course, also possible to use the same power on all streams, with only a small 
loss at high SNR. 

JUS kind of transmission wifli an SVD optimizes the communication for a smgle 
user but the SVD approach c^ot be used directly for multiple receivers. Another 
drawback is that SVD based MMO requires fuU CSI to be Icnown at Are transmitter. 
The CSI must consequently somehow be communicated to the transmitter. If a user 
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with slowly varying CSI is selected, as the first set of user according to the inven- 
tion, the amovmf of CSI data is reduced, while users with fast varying channels only 
reports MIMO CIR information. 

« 

As explained above, SVD can be used to optimize commimication with one single 
user. While opportunistic MEMO commimication is particularly advantageous for 
communication with several users at a time. When these two algorithms are com- 
bined in the inventive way, the overall result is a more efficient use of network re- 
sources than with either one of the algorithms on its own. 

Other methods can be xised instead of SVD for preceding the transmission to the 
first set of users, such as other antenna weight parameters or a non-linear preceding, 
as described in, for example, Fischer, Windpassinger, Lamp, Huber, "Space-Time 
Transmission using Tomlinson Harashima preceding", Proceedings of 4. ITG Con- 
ference on Source and Channel Coding, Berlin, January 2002, p 139-147, adapted 
for the chaimels of the first set of users. For a single receiver with multiple anteimas, 
or several users each having one antenna, zero forcing can be used. A so called QR 
factorization of the channel matrix can also be done. In this case, the unitary Q ma- 
trix can be used in the transmitter, possibly combined with some form of encoding 
to reduce tiie interference experienced by a receiver. 

Suitable for use as the second principle is the algorithm referred to above as oppor- 
tunistic MIMO communication, affected by transmit parameters used for the se- 
lected users. The communication parameters for the second group or users should in 
this case be adapted on the basis of a stream quality indicator, such as CIR. 

The Opportunistic MIMO gain is evident ahready at merely two users present, while 
the real benefit in traditional opportunistic MIMO normally requires more users. 
The toiottat'O^^ feedback remains low, and is nearly comparable with a sin- 

gle SVD-MIMO users feedback. 
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The first and second groups of users may be selected according to different criteria, 
for example, a combination of inputs involving, for example, traffic and quality of 
ice parameters, CSI knowledge, and/or antenna configuration of the user termi- 



service 
nals. 



Acronyms 




MIMO 


Multiple Input Multiple Output 


MISO 


Multiple Input Single Output 


SIMO 


Single Input Multiple Output 




Single InDut Single Output 


SVD 


Smguiar value jjecompoaiuuu 


CSI 


Channel State Information 


CA 


• 

Channel Adaptation 


LA 


Link Adaptation 


MCS 


Modulation and Coding Scheme 


OFDM 


Orthogonal Frequency Division Multiplexing 


CIR 


Carrier to Interference Ratio 


MMSE 


Minimum Mean Square Error 


SIC 


Successive Interference Cancellation 


PIC 


Parallel Interference Cancellation 


MUD 


Multi User Detection 



Brief Description of the Drawings 

In the following, the invention will be described in more detail, with reference to the 
appended drawings, in which 

Figure 1 shows a simple SVD based MIMO system involving one transmitter and 
one receiver; 



'01I7SE 0 3/020 



8 



Figure 2 shows a MIMO system involving one transmitter and four receivers, using 

* 

opportunistic communication; 

Figure 3 shows one configuration after scheduling MDVtO subchannel resources to 
different users; 

Figure 4 Ulustrates a first embodiment of a system in which SVD-based MIMO and 
opportunistic MIMO are combined; 

Figure 5 illustrates a second embodiment of a system in which SVD-based MIMO 
and opportunistic MIMO are combined; 

Figure 6 shows a simulation of average channel capacity as a function of the number 
of available receivers using SVD-based MIMO, opportunistic MIMO and a combi- 
nation of the two, respectively; 

Figure 7 shows an example of a protocol that may be used for the invention. 
Detailed Description of Embodiments 

Figure 1 illustrates basic MIMO communication between one transmitter 1 com- 
prising four transmitter antennas TXl, TX2, TX3, TX4 and one receiver 3 com- 

f^„r r^r.«ivf.r antennas RXL RX2, RX3, RX4. An SVD is used to optimize 



J^.fc*wj — — -™ — 

the communication between the transmitter 1 and the receiver 3. A channel matinx H 
represents all the channels between the transmitter antennas and tiie receiver anten- 
nas. T= {Tl, T2, T3, T4} is a vector of the transmitted streams which are weighted 
by the beamforming matrix V obtained ftom a decomposition of H, and then trans- 
mitted from the antemias TXl, TX2, TX3, TX4. R={R1, R2, R3. R4> is a vector of 
the reconstiucted signal obtamed after applying a unitary signal received at the re- 
ceiver antennas RXl, RX2, RX3, RX4 andN={Nl, N2, N3, N4} is a vector with 
Gaussian Noise added to the received signal vector R at the receiver antennas RXl, 



ioa,Rja 



TX2. 



JA^i, X-w^l-l., iv-.^, — - ■ " 

TX3, TX4. CSI information is transmitted from the receiver 3 to tiie transmitter 1 on 
a feedback channel 5 shown as a dashed line. U.and V are the unitary mafrices de- 
termined from the SVD of channel matix H (see eq. (5)). 
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Figure 2 illustrates an opportunistic MEMO architecture. It should be noted that eadi 
terminal may be equipped with an arbitrary number of antennas. One transmitter T2 
comprising four transmitter antennas TX21-TX24 transmits data to four receivers 
R21, R22, R23, R24. The first and the fourth receivers R21, R24 have four receiver 
antennas each, the second receiver R22 has three receiver antennas and the third re- 
ceiver R23 has one receiver antenna. Feedback channels 7 from each receiver to a . 
control and scheduling unit 9 in the transmitter are shown as a dashed lines. The. 
feedback channels 7 are used for transmission parameters such as link adaptation 
and scheduling data for use by the transmitter. A number of buffers (not shown) 
comprise the information to be transmitted to the receivers. 

The control and scheduling unit 9 selects the buffer from which to transmit at any 
given time, and whom to send to, based on feedback data. It also selects the MCS to 
use for the transmission. The control and scheduling unit 9 can also take into ac- 
count quaUty of service parameters, such as the maximum delay time for a data 
packet, fairness requirements, etc. Hie weight matrices W21 - W24 are used to ad- 
just the reception at the respective receiver. In this case, the control and scheduling 
unit is arranged to identify receivers to which a good transmission quality is possible 
at any given time. 

Figure 3 shows a cellular system comprising a transmitter, in this case a base station 
U communicating with a number of user terminals 13, 15 using multi-user MIMO, 
for example, opportunistic. Figure 3 shows the situation after scheduling MIMO 
subchamiel resources to different users 13 that have provided CIR feedback to the 
base station at one instance. With other users 15 there is .no current communication. 
In subsequent instances, the traffic flow configuration may/wiU change in response 
to channel variations. Also, some users may not receive any data, as their CIR con- 
- ditions are unfavourable or simply because ^lere^is no data-to send to them. 



10 



Figures 4 and 5 show an overview of the basic idea, where one transmitter and in 
total K receiving users are available. 

In Figure 4, the transmitter T4 has selected to optimize the transmission to the first 
receiver R41 using an SVD. For each of the receivers, a channel matrix Hk appUes, 
k being the number of the receiver. In particular the first receiver R41 employs a 
weight matrix U41 that is the unitary matrix derived firom the SVD of channel H41, 
whereas the transmitter uses the unitary SVD matrix V4, similarly derived firom 
channel H41. On a feedback channel 17, shown as a dashed line firom the first re- 
ceiver R41 to the transmitter T4, CSI mformation which is needed for SVD-based 
MIMO is transmitted to the weighting block V4 in the transmitter. Alternatively an- 
other method can be used for precoding the transmission to the first receiver, such 
as other antenna weight parameters or a non-linear precoding adapted for user one's 
channel. To the remaining users R42,. . .,R4K, opportunistic commnnication is used. 
From each of the remaining users R42,. . .,R4K a feedback channel 19 transmits 
MIMO CIR feedback to the control and scheduliag unit 9'. 

In this embodiment, the control and scheduhng unit 9' comprises a pre-processing 
unit 91 arranged to receive the CSI information transmitted on the feedback channel 
17, pre-process it if apphcable and forward it to the weighting block V4. The control 
unit will, based on input &om other units, taking mto account e.g. QoS require- 
ments, buffer status and prioritization criteria, in addition to possible CSI feedback 
and channel properties such as speed determine which receivers that are to signal 
CSI and at what time..The preprocessing unit 91 is then arranged to receive the CSI 
on the feedback channels from the receivers and optimize the weighting used in the 
weighting block V4. 

The control and scheduling unit 9' also comprises a CQI information unit 93 ar- 
,,-rang«.dtp.^paeiy.e .channel quahty iofc^mation from-all.users^d^pntipl-^^.traes.- ... 
mission from the buffers to the receivers not included in the first subset. 
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ia the traasmitter T4 a nmnber of buffers in a buffer mnt B4 comprise the iBforma- 
tion to be transmitted to the receivers. 

The control and scheduling unit 9' selects whom to send data to at any given time 
based on feedback and selects the corresponding buffer from which ihe data is 
taken. It also selects the MCS to use for the transmission. Hie control and schedul- 
ing unit 9' can also take into account quality of service parameters, such as the 
maximum delay time for a data packet, fairness requirements, etc. 

One or more other units 95 may be included as well, for providing information to 
the control and scheduling unit 9' for use when controlling tiie communication. Tins 
infomiation may be, for example, quality of service information and/or termmal m- 
formation. The control and scheduling unit 9' can also receive queue information 
from the buffers. 

In Figure 5 flic tramsndtter decided that traBSimssioB parameters (njeaimg e.g. 
aatemia weights and transmit power) should be adapted to the chamiel state to a first 
subset of users consisting of the first and the second receiving users R51, R52. 
whereas the remaining users R53,...JR5K operate to opportunistic mode, under the 
constraint that overall transmission is optimized for Are first subset of users. CSI m- 
fbrmation from the users R51 and R52 in flie first subset is transmitted on respcCrve 
feedback chapels 21. 22 to the V matrix V5 in the transmitter T5. From the other 
users R53,. . .,R5K only feedback regarding the stream quaHty is needed on respec- 
tive feedback channels 23, 24. 

m this case, a normal SVD of each chamiel to the users R51 and R52 in general 
cannot be used directly to detemnne taansmit and receiver matrices. However. ba.ed 
^.^ the-chamiels HSl.andJa51..the tiansmitterW-USB ^3«rightfl«SW,X.^d.te.,. 
one and two user weight matrixes XSl and X51. Those weight matrices may be 



user 
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opthmzed to maxinize the aggregate capaoily on both Imka (or more if more than 
two users are considered for the CSI adapted transmission>or other criteria may be 
appUed involving maximi2nng the capacity with fairness constraints.. 

The buffers and control and scheduling unit of Figure 5 are similar to those of Fig- 
ure 4, excq,t that in Figure 5 two users are included in the first subset of users. 

The user (or users) for which the transniission(s) is (are) optimized, can be selected 
in several ways. The transmitter can use a combination of mputs involving, traffic 
and QoS parameters knowledge. CSI knowledge, antenna configuration knowledge 
of user temrinals. decoding capability knowledge of user terminals. With respect to 
QOS. it may be appropriate to adapt transmission parameters to the user with the 
most'stringent traffic requirements, for mstance bairymg real time voice or video 
traffic, whereas less stringent QoS requirement such as best effort may be supported 
by the opportunistic communication links. The selection may also be based on chan- 
nel parameters, such as average pad, gain. It.may be feasible to adapt to a user wid. 
poor reception quality to start witt due to high path loss. The users with lower path 
loss (or better average SNR) can then employ opportmristic communication. 
Adapting to a user with a single or few antennas, can be advantageous, since other 
users temiinals with potentially more antemias have greater possibility to exploit 



MIMO. 



among a set of user temnnals, then it may be wise to select the poorly operatmg user 
temnnal. since other users temnnals may still be able to operate weU and decode 
signals transMtted with the opportunistic approach. Alternatively, users with chan- 
nels with long coheienoe time can be selected. For such users CSI update rates can 
be fairly slow which is beneficial since CSI generaUy carriers more information 



MIMO 



may be weight in to ensure tat all. or near aU, users are selected in such way that 
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proach can be- to employ a Roimd Robin method, where every user is selected on a 
regular basis. 

It should be noted that everything that has been discussed so far applies to a single 
channel or a single subcarrier, such as in OFDM. It is therefore possible to use one 
set of choice, e.g. a selected SVD-MIMO user, on one set of subcarriers and aaofher 
selected user on another subcarrier. This flexibility can be used in different ways to 
improve performaace. For instance, users with certain MIMO capabihties may use 
certain part of channels, such as OFDM subcarriers. 

Figure 6 shows the result of a simulation of the channel capacity in a MIMO system 
as a function of the number of available users. Three different principles are shown: 
only SVD-based communication, only opportunistic communication and the inven- 
tive algorithm combining the two. As can be seen, for one user the combined algo- 
rithm is equal to SVD only. At any number of users higher than one, the combined 
algorithm provides a higher channel capacity. If only opportunistic communication 
is used the performance in this example is lower than SVD up to a certain number of 
users and improves as the number of users increases, but it is always lower than for 
the combiaed algorithm. 

Figure 7 shows one possible, but not the only, protocol implementation for use in 
the invention. A base station BS is communicating with a nimaber of mobile stations 
MSI, MS2,. . .,MSK. MSi has been selected for the SVD optimization. For the re- 
maining mobile stations MS2,. . .MSK, opportunistic MIMO is used. Hence, at time 
n, MSi sends CSI feedback information to the BS, indicated by a diagonally shaded 
box. The feedback information sets the MIMO-antenna weight matrix to a channel 
matrix matrix Vi. In the foUowing time slots CSI information is transmitted. The 
first transmission, i.e. at time n+1, from the BS is destined to MSi (instead of send- 
ing..data,,.aj?hajmelestirnati^a 

« 

trix). At time n+1, the other MSs can determine their respective MIMO-CIR quality . 
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and feed it back to the BS (indicated as grey boxes). Also, MS^ feeds back an update 
of the CSI. At time n+2, the BS deterimnes which user or users to send to. That de- 
cision is based on the CSI for MSi and the MIMO-CIR quahty for the other MSs. 
This procedure is repeated for subsequent time instances, untQ it is determined to 
select another user for optimized commumcation. In Figure 6, this happens at slot 
n+m-1, where MSk starts reporting CSI information, that is, average and/or instan- 
taneous knowledge of the channel and interference, to the BS (diagonally shaded or 
white boxes) and the other report MIMO-CIR information (indicated by grey or 



vertically shaded boxes). 
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Claims 



1 A connnvmicatiOB method for me in a communicatioii network involving several 
user terminals oommnnicating with at least one transmitter node, said transmitter 
node comprising a pluraUty of antennas, each of said nser terminals compnsmg at 
least one antenna, 

Said method being characterized by 

Selecting a first set of user terminals comprising at least one user terminal 
Selecting a second set of user terminals not comprised in the first set 
"Adapting first communication parameters for the first set of user terminals accord- 
ing to a first principle suitable for optimizing communication with the first set of 
user tenninals. 

Adapting second commnnication parameters for the second set of user terminals ac- 
cording to a second principle which is different ftom the first principle, in response 
to communication parameters selected by the first set. 

Transmitting to the first set of user terminals according to the fnst communication 
parameters and to the second set of user terminals accordmg to the second commu- 
nication parameters. 

2 Method according to dahn 1 . wherein the first principle mvolves optimization 
with respect to Channel State Information (CSI), such as average and instantaneous 
knowledge about the chamiel and the interference, for example by Singular Value 

Decomposition (SVD). 

3. Method according to clahn 1 or 2, wherein the second principle makes use of the 
algoritimt opportunistic MIMO communication. 

« 

4 A method accordmg to any one of the preceding claims wherein the first set of 
parameters is related to the transmit power and the beamforming matife (V) at the 
. -'-transmitter side. - - ■ 
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5. A method according to any one of the preceding claims, comprising the step of 
selecting the first set of user terminals in dependence of traffic and quahty of service 
parameters. 

6. A method according to any one of the preceding claims, comprising the step of 
selecting the first set of user terminals in dependence of CSX knowledge. 

.2. Amethod according to any one of the preceding claims, comprising the step of 
selecting the first set of user terminals in dependence of receiver antemia configura- 
tion. 



8. A transmitter node for use in a MIMO based communication network ihvolvmg 
several user terminals communicating with the transmitter node, wherein each of 
said user terminals comprises at least one antemia, said transmitter node comprising 
a plurality of transmit antemias arranged to transmit information to a plurality of re- 
ceiver nodes, said transmitter node comprising: 

Selection means for selecting a first set of user terminals-comprising at least one 
user terminal and a second set of user terminals not comprised in the first set 
First adaptation means for adapting first communication parameters for the first set 
of user temunals according to a first principle suitable for optimizing communica- 
tion with the first set of user terminals. 

Second adaptation means for adapting second communication parameters for the 
second set of user terminals according to a second principle which is different firom 
the first principle, in response to communication parameters selected by the first set. 
Transmit means for transmitting to the first set of user terminals according to the 
fxrst communication parameters and to the second set of user terminals according to 
the second coniinimication parameters. 
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ABSTRACT 



Communication in a MIMO network is optimized by selecting a first set of users 
comprising at least one user, selecting a second set of users not comprised in the 
first set, adapting communication parameters for the first set of users according to a 
first principle suitable, e.g. SVD, adapting communication parameters for the sec- 
ond set of users according to a second principle, e.g. opportunistic IVDMO, and 
.tcansmitting to the first set of user tenninals according to the first communication 
parameters and to the second set of user terminals according to the second commu- 
nication parameters. . In this way communication with one or a few users can be 
optimized while network resources can be used in an efficient way also for other us- 



ers. 



Fig. 1 Prior art 




Fig. 2 Prior art 



PCfSE 0 3/ 0 2 0 5 8 




OTSE 0 3/ 0 2 0 5 8 




Fig. 6 
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